By W . J. Strang, F .R .S ., and G . M. L ewis P ierre H enry John Y oung w as b o rn o n 12 J u n e 1926, o f a F re n c h m o th e r fro m A rg eles in th e w e ste rn P y re n e e s, a n d an Iris h fa th e r, e m p lo y e d b y M o r g a n 's B ank. H is e d u c a tio n s ta rte d at th e L y cee C o n d o rc e t in P aris, a fte r th e u su al p e rio d in p rim a ry sch o o l. H is fa th e r w as d e te rm in e d th a t h e s h o u ld c o n tin u e h is e d u c a tio n in E n g la n d , an d to th is e n d P ie rre Y o u n g w as 'c r a m m e d ' in m a th e m a tic s to e n te r fo r s c h o la rsh ip s. H e g ain ed a place as a K in g 's S c h o la r at W e s tm in s te r S ch o o l, a lth o u g h he h a d scarcely an y k n o w led g e o f L a tin a n d co u ld speak little E n g lish . H e m o v e d to E n g la n d in 1938 to tak e h is place at th e school, w h ic h fo r m o st o f th e w a rtim e p e rio d w as ev ac u a te d to H e re fo rd s h ire . H is p a re n ts an d sisters escap ed fro m F ra n c e to E n g la n d w ith som e difficu lty as h o stilitie s d ev elo p ed .
F ro m W e s tm in s te r S ch o o l he w o n an O p e n S c h o la rsh ip in M a th em atic s to T r in ity C o llege, C a m b rid g e , g ra d u a tin g in 1946. D u rin g th is tim e h e w o rk ed fo r b rie f sp ells in th e F re n c h L a n g u a g e S erv ice o f th e B B C , b ro a d c a stin g c o d ed m essag es to th e F re n c h R esistan ce.
A t th e e n d o f W o rld W a r I I d ire c tio n o f la b o u r w as still in fo rce an d P ie rre Y o u n g w as em p lo y e d fo r a s h o rt p e rio d at th e N a tio n a l P h y sical L a b o ra to ry , T e d d in g to n , n e a r h is h o m e , o n th e sta b ility an d c o n tro l o f airc raft.
B efore th e e n d o f 1946 he h a d jo in e d A rm s tro n g S id d eley M o to rs L td in C o v e n try as a te ch n ica l assista n t in th e S tre ss O ffice. A t th a t tim e all te ch n ica l an d th e o re tic a l w o rk w as d o n e in th a t office, an d P ie rre recalled w ith g ra titu d e th e tim e s p e n t by h is co lleag u es in in tro d u c in g h im to th e m a n y asp ects o f g a s -tu rb in e te ch n o lo g y as u n d e rs to o d in th o se early days. A fte r som e m o n th s he tra n s fe rre d to th e new ly fo rm e d A ero d y n am ics D e p a rtm e n t a n d w o rk ed m a in ly o n th e te stin g o f tu rb in e s . H e a tte n d e d one o f th e earliest te sts at th e N a tio n a l G as T u r b in e E sta b lis h m e n t a ltitu d e p la n t, in 1948, o n th e A rm s tro n g S id d eley M a m b a p ro p e lle r tu rb in e en g in e. T h u s b eg an h is in v o lv e m e n t an d in te re s t in th e evo lv in g 985 science o f g a s -tu rb in e en g in es. H e w as to c o n tin u e in th is field fo r alm o st 39 y ears u n til his re tire m e n t in 1985, ev o lv in g ra p id ly fro m h is aca d em ic o rig in s as a p u re m a th e m a tic ia n in to an e n g in e e r w ith a ra re b le n d o f p ra c tic a l a n d scien tific e x p ertise. P ie rre Y o u n g to o k c o n sid e ra b le p rid e in h is d u a l n a tio n a lity , a n d h a d an affection fo r an d affinity w ith F ra n c e th a t la te r w as to b e o f g re a t v alu e in his m a jo r w o rk o n th e A n g lo -F re n c h C o n c o rd e su p e rs o n ic a irlin e r. H e to ld o f his in tro d u c tio n to E n g la n d as a F re n c h -s p e a k in g b o y in a B ritis h p u b lic school, an ex p e rie n c e th a t d e v e lo p e d a h ig h d e g re e o f self-re lia n c e a n d a d a p ta b ility at an early age. A n in a b ility to b e o v eraw ed b y c o n v e n tio n an d tra d itio n , a n d a p re p a re d n e s s to ch allen g e a u th o rity n o d o u b t s te m m e d fro m h is early d ay s at sch o o l in E n g la n d , an d c h a ra c te riz e d his p ro fe ssio n a l life. In so m e s itu a tio n s e n c o u n te re d d u rin g h is c a re e r h is c irc u m s ta n c e s co u ld h av e b e e n m o re c o m fo rta b le h a d h e b e e n p re p a re d to a cc ep t o p in io n s h e ld b y h is s u p e rio rs r a th e r th a n to q u e s tio n th e m w ith a d e v a sta tin g a n d irre fu ta b le logic.
P ie rre Y o u n g h a d n o b o y h o o d in te re s t in e n g in e e rin g , a n d n o fam ily tra d itio n to lead h im in th is d ire c tio n . H e fo u n d th a t e n g in e e rin g , p a rtic u la rly in th e early d ay s o f th e p ra c tic a l a p p lic a tio n o f th e gas tu rb in e , s tre tc h e d h is im a g in a tio n a n d h is p o w ers o f d e d u c tiv e rea so n in g . L a c k in g in any w o rk sh o p o r d raw in g -o ffice ex p e rie n c e , it w as in te re s tin g to o b serv e th e in flu en ce h e ra p id ly e x e rte d o n th o se w h o h a d , b y v irtu e o f h is in s ig h t in to p h y sical p h e n o m e n a , h is c u rio s ity a n d h is a b ility to d e sc rib e th e se p h e n o m e n a in m a th e m a tic a l lan g u ag e. H e m a d e an im p o rta n t c o n trib u tio n to th e e s ta b lis h m e n t o f scien tific m e th o d o lo g y in h is field, s u b s titu tin g fo r th e e m p iric ism a n d p re ju d ic e s o f th e e x p e rie n c e d local e n g in e e rin g c o m m u n ity o f th e early p o s tw a r p e rio d .
M a th e m a tic s , to d e sc rib e an d clarify ev e n ts a n d re la tio n s h ip s , w as a h o b b y a n d re la x atio n . H e h a d close frie n d s in B risto l U n iv e rs ity w ith w h o m h e d e b a te d in th e fields o f m a th e m a tic s, logic a n d p h ilo so p h y . S ev eral b u lk y files w ere filled w ith p e rso n a l p a p e rs o n m a n y d iv e rse su b je c ts, likely to b e a ric h so u rce o f in te re s t h a d h e b e e n c o n c e rn e d w ith p re p a rin g th e m fo r p u b lic a tio n . B rid g e a n d ch ess w ere n a tu ra l ex ercises fo r h is m in d , a lth o u g h he en jo y ed th e m o re e le m e n ta ry g am es p la y ed in th e fam ily circle w ith c h ild re n o f all ages. T h e s e h e w o u ld e la b o ra te a n d a d a p t w ith eag er in g e n u ity . H is p h y sical e n jo y m e n t w as m a in ly ta k e n in w alk in g , an d th is a c tiv ity w as p u rs u e d in d iffe re n t p a rts o f th e w o rld , in v o lv in g m a n y lo n g an d a rd u o u s m o u n ta in w alks, u su ally a c c o m p a n ie d b y his w ife b u t so m etim e s in so litu d e . H is b e lie f in th e n e e d to s tre tc h m in d an d b o d y p e rs is te d u n til h is final illn ess in te rv e n e d .
F o r th e first few y ears o f h is w o rk in g life P ie rre w as a m e m b e r o f a c o m m u n ity o f in te llig e n t, a d v e n tu ro u s a n d a m b itio u s ' d isp la c e d p e rso n s ' liv in g in 'd ig s ' in m a rg in a l financial c irc u m sta n c e s. T h e frie n d s h ip s m a d e in th o se d ay s w ere p e rm a n e n t, a n d P ie rre w ill alw ays be re m e m b e re d b y h is co lleag u es o f th a t tim e fo r h is u n iq u e h u m o u r an d u n p re d ic ta b le d iv e rg e n c e fro m social c u s to m s. H e w as, th r o u g h o u t h is w o rk in g life in a h ig h ly c o m p e titiv e e n v iro n m e n t, u n s w e rv in g ly h o n e s t a n d fair, a n d b o re n o m a lice o r g ru d g e a g a in st c o n te m p o ra rie s w h o m a y h av e e n jo y e d b e tte r fo rtu n e . P ie rre Y o u n g le ft C o v e n try in 1949 to ta k e a ju n io r p o s itio n in th e E n g in e R e se a rc h D e p a r tm e n t o f th e B risto l A e ro p la n e C o m p a n y at P a tc h w a y , n e a r B risto l. R e ca llin g th o s e d ay s re m in d s th o s e o f u s w h o w ere h is co lleag u e s th a t w e h a d n o c lear in te n tio n o f m a k in g B risto l o u r p e rm a n e n t h o m e , n o r o f re m a in in g in th e a v ia tio n in d u s try . H o w e v e r, th e ch a lle n g e s a n d p ro b le m s th a t th e ra p id d e v e lo p m e n t o f th e n ew fo rm o f a irc ra ft p ro p u ls io n p re s e n te d led to a d e e p c o m m itm e n t to su ccee d , a n d th e n c e to lo y a lty to th e te a m s o f e n g in e e rs in v o lv e d in th e w o rk .
H e n c e P ie rre Y o u n g u n e x p e c te d ly s e ttle d in B risto l a n d m a d e h is fam ily h o m e in th e city . H e w as m a rrie d to Ire n e L illy C a h n in 1953 ; th e y h a d a d a u g h te r M ic h e le a n d a so n T h o m a s , b o th o f w h o m w e n t to C a m b rid g e U n iv e rs ity .
W ork
D r S ta n le y H o o k e r, la te r S ir S ta n le y H o o k e r, F .R .S ., le ft th e R o lls-R o y ce C o m p a n y in 1949 to jo in th e E n g in e D e p a r tm e n t o f th e B risto l A e ro p la n e C o m p a n y . T h e B risto l C o m p a n y h a d b e e n late in th e g astu r b in e b u s in e s s , a n d a fte r a p ro m is in g s ta rt w ith th e T h e s e u s tu rb o p ro p e lle r e n g in e h a d e n c o u n te re d sev ere d ifficu lties in th e d e v e lo p m e n t o f th e a d v a n c e d P ro te u s e n g in e , d e s tin e d fo r th e B risto l B ra b a z o n M k 2, th e S a u n d e rs R oe P rin c e ss flying b o a t a n d th e p ro je c te d B risto l B rita n n ia c o m m e rc ia l a irlin e r.
T h e arriv a l o f D r H o o k e r, w h o h a d b e e n p rim a rily re s p o n s ib le fo r th e e v o lu tio n o f th e o rig in a l W h ittle je t in to a serv ice ab le a n d w o rld -le a d in g aero en g in e , w as tim e ly fo r B risto l. H e s o u g h t to c re a te an effectiv e te a m to re d e s ig n th e P ro te u s , a n d to tak e th e n ew O ly m p u s je t e n g in e in to full d e v e lo p m e n t a n d p ro d u c tio n . P ie rre Y o u n g w as d ra w n to h is a tte n tio n , a n d S ta n le y H o o k e r saw in h im a k in d re d s p irit w ith w h o m h e c o u ld e x ch a n g e id eas a n d fo rm u la te m a th e m a tic a l p ro p o s itio n s. P ie rre w as m a d e a key m e m b e r o f a sm all te a m to a d d re s s th e m a n y fu n d a m e n ta l p ro b le m s o f B risto l en g in es.
P ie rre h a d c h a rg e o f e n g in e p e rfo rm a n c e at th a t tim e , w o rk in g w ith B asil B lackw ell o n tu rb in e s (la te r S ir B asil B lackw ell a n d C h a irm a n o f th e W e s tla n d C o m p a n y ), an d G o rd o n L ew is o n c o m p re sso rs (la te r T e c h n ic a l D ire c to r o f R o lls-R o y c e) w h o w o rk e d fo r m a n y y ears w ith P ie rre Y o u n g .
T h e P ro te u s e n g in e w as su ccessfu lly re d e sig n e d to p o w e r th e B risto l B rita n n ia , th e first lo n g -ra n g e p a s s e n g e r-c a rry in g tu r b o p r o p a irlin e r. D e v e lo p m e n t p ro b le m s w ere e n c o u n te re d a n d o n e o f th e se, o c c u rrin g as th e a irc ra ft w as e n te rin g serv ice, p re s e n te d an o p p o rtu n ity fo r P ie rre Y o u n g to d e m o n stra te his ab ility to lead an en g in e e rin g te am in th e so lu tio n o f a m a jo r te ch n ica l p ro b le m .
T h e P ro te u s en g in e c o n fig u ra tio n w as u n u su a l in its airflow p a tte rn , w h ich re su lte d in th e c o m p re sso r in tak e in c o rp o ra tin g a 180° b e n d . T h e a rra n g e m e n t o f rev erse flow th ro u g h th e c o m p re sso r w as o rig in ally a d o p te d to achieve a s h o rt an d co m p a c t in sta lla tio n a p p ro p ria te to th e B rab az o n an d S a u n d e rs R oe P rin cess, an d as th e se p ro je c ts w ere still active w h en th e P ro te u s w as red esig n e d th e a rra n g e m e n t w as re ta in e d .
In th o se days, th e 1950s, tu rb in e en g in es w ere h ig h ly su sp e ct, at least fo r civil airlin ers. T h e C o m e t d isaste rs w ere fresh in m e m o ry an d a p ro to ty p e B rita n n ia h ad b een lost w h en a P ro te u s su ffered a tu rb in e disc b u rs t. T h e resp o n se w as an ex p a n d e d p ro g ra m m e o f d e v e lo p m e n t an d te stin g to be su re th a t, th is tim e, all w o u ld be w ell.
T h e im p lic atio n s o f th e airflow p a tte rn w ere n o t o v erlo o k ed . Icin g trials w ere m o u n te d in th e C a n a d ia n w in te r an d th e cow l a n ti-ic in g sy stem s w ere d ev elo p ed to th e g en eral satisfactio n . F in ally , in 1956, B rita n n ia e n te re d service a fte r th e m o st v ig o ro u s certificatio n p ro g ra m m e dev ised u p to th a t tim e.
W ith in w eeks en g in e m a lfu n c tio n s w ere re p o rte d fro m B rita n n ia a irlin e rs flying o v er C e n tra l A frica, so serio u s as to m ake o p e ra tio n s th ro u g h th e In te r -T r o p ic a l F r o n t q u ite im p ractical, an d p o ssib ly d a n g ero u s. P assin g th ro u g h clo u d s at a b o u t 2 0 0 0 0 ft th e en g in es su d d e n ly b ecam e u n sta b le an d one b y one flam ed o u t. T h e B rita n n ia d rifte d g en tly do w n , a lth o u g h th e c a p tain h ad n o difficulty g e ttin g all en g in es re s ta rte d at a low er a ltitu d e .
B ris to l's resp o n se w as: {a) to set u p a T a s k F o rc e w ith P ie rre Y o u n g in ch arg e, ( b) to estab lish a b ase at E n te b b e in U g a n d a , an d (c) to d e sp a tc h an in s tru m e n te d B ritan n ia. W ith th e aid o f telev isio n cam eras m o u n te d in sid e th e en g in e cow lings it w as seen th a t ice co u ld a d h e re to th e in n e r w alls o f th e intake. W h e n it reach ed a sufficient th ick n ess it co u ld b reak aw ay an d e n te r th e en g in e c o m p re sso r. T h e q u a n titie s w ere so larg e as to p ro d u c e a c o m p re sso r stall, o r e x tin g u ish th e flam e in th e c o m b u stio n c h am b ers, o r cause b o th th e se effects sim u ltan e o u sly .
T h e n a tu re o f th e p ro b le m w as soon rev ealed . B rita n n ia a irc ra ft w ere flying at a b o u t 20 0 0 0 -2 5 0 0 0 ft, above th e u su al ru n o f p isto n -e n g in e d a irc ra ft an d below th e few C o m e t o p e ra tio n s th a t h a d p re c e d e d it. A t a ro u n d th a t level, u n su sp e c te d b y m eteo ro lo g y , w ere sh eets o f finely d iv id ed ice cry stals, p u m p e d in by th e g ia n t th u n d e rs to rm s an d slow to settle. T h is w as a to tally new k in d o f icing p ro b le m an d o n e to w h ic h th e P ro te u s p o w er p la n t w as especially v u ln e ra b le. T h e r e w as no b a c k g ro u n d at all. N o m eteo ro lo g ical d ata, no te st facilities, no te ste d so lu tio n s. P ie rre Y o u n g an d his te am attack ed all th e p ro b le m s in p arallel, flying m an y h o u rs to locate th e atm o sp h e ric co n d itio n s u n d e r w h ich th e ice co u ld b u ild up . T h e c o n d itio n s w ere n o t th e sam e as th o se u n d e r w h ich ice fo rm ed on th e a irc ra ft w ings, so th a t th e te st a irc ra ft w as n o t alw ays successful in locatin g an ic e-lad en a tm o sp h ere.
A t o n e stag e in th e flig h t te stin g , P ie rre Y o u n g d e c id e d th a t it w o u ld be a d v a n ta g e o u s to a c q u ire a p h y sical sam p le o f th e ice a d h e rin g to th e in ta k e w alls. T o ac c o m p lish th is h e a rra n g e d a p la n w ith th e te st p ilo t, W a lte r G ib b , w h e re b y th e y w o u ld seek a h eav y th u n d e rs to rm , ach iev e e n g in e fla m e -o u t, a n d d e sc e n d as ra p id ly as p o ssib le to E n te b b e b e fo re th e ice c o u ld d isp e rse . T h e e v e n t d u ly o c c u rre d , th e co w lin g s w ere re m o v e d as so o n as th e n ig h t la n d in g w as m a d e a n d th e p re c io u s ice sp e c im e n w as p la ced in re frig e ra tio n . T h e crew an d e n g in e e rin g te a m re p a ire d to th e b a r. T h e fo llo w in g m o rn in g it w as fo u n d th a t th e ice sp e c im e n h a d d isa p p e a re d , e n q u iry rev ea lin g th a t th e b a r te n d e r h a d u sed it in th e d rin k s ta k e n th e ev en in g b e f o r e ! G lo w p lu g s w ere q u ic k ly d ev ised w h ic h w ere fitte d in a n u m b e r o f c o m b u s tio n c h a m b e rs . T h e s e w ere h e a te d b y th e b u r n in g g ases a n d , w h e n th e flam e w as m o m e n ta rily e x tin g u is h e d , th e p lu g s c o n tin u e d to glow lo n g e n o u g h to re -ig n ite th e fu el-a ir m ix tu re . T h u s th e en g in e su ffered a m o m e n ta ry b u m p , an d fu ll c ru is in g p o w e r w as re s to re d at once. T h e glow p lu g s w ere e n tire ly effective, a n d n e v e r failed to re lig h t th e en g in e. H o w e v er, th e o p e ra to r, B O A C , re q u ire d a m o re basic so lu tio n to th e p ro b le m th a t p ro v id e d a m e a n s o f p re v e n tin g th e b u ild -u p o f ice in sid e th e co w lin g s. T h e m a jo r flig h t te st p ro g ra m m e c o n tin u e d fo r tw o y ears a n d e v en tu ally a series o f m o d ific a tio n s to th e co w lin g d u c ts o v erca m e th e p ro b le m , an d th e a irc ra ft c o n tin u e d su ccessfu lly in serv ice fo r o v er 30 years.
P ie rre Y o u n g re tu r n e d to th e e n g in e e rin g d e p a rtm e n t w ith a p ro v e n m a n a g e ria l a b ility , a n d w as en g ag e d in th e o n g o in g d e v e lo p m e n t o f B risto l en g in es. T h e s e p ro je c ts in c lu d e d th e ev o lu tio n o f th e P eg asu s en g in e, in c o rp o ra tin g v e c to re d th r u s t fo r th e H a rrie r, th e o n ly su ccessfu l v e rtic a l-la n d in g je t fig h ter. P ie rre w as closely in v o lv ed in th e d esig n s tu d ie s to o p tim iz e th e e n g in e p e rfo rm a n c e , w h ile m e e tin g th e special re q u ire m e n ts o f th e V ertic al T a k e O ff a n d L a n d in g (V T O L ) a irc ra ft in te rm s o f lift c e n tre , sta b iliz in g b le e d c o n tro l, n o zzle d esig n an d ac tu a tio n . T h e s e stu d ie s w ere e x te n d e d to e x a m in a tio n o f a la te r g e n e ra tio n o f e n g in e fo r a V T O L a irc ra ft w ith s u p e rso n ic p e rfo rm a n c e , still an elusive p ro je c t som e 30 y ears la ter.
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T he engine for Concorde
T o give flavour to th e C o n c o rd e e n te rp ris e so m e e x tra c ts are g iv en below fro m a b ook e n title d N e w shape in the sky b y K e n n e th O w en , p u b lis h e d b y J a n e 's: D evelopm ent is a puny word to describe the richly complex process of taking a basic aircraft design and transform ing it into a safe, serviceable and preferably stylish product. One word that encompasses thousands of decisions, based on factual data from tens of thousands of tests, calculations, analyses and simulations -b u t refined via countless hum an ideas, hunches, deductions, inductions, thoughts, hypotheses, rational discussions and blazing argum ents. T o develop the Concorde was this sort of exercise; it proved to be a unique achievement in the face of unprecedented technical and organisational difficulties.
T h e cost of developing the Concorde was the cost of risk, uncertainty and safety in achieving the basic objective -to produce a viable M ach 2 airliner capable of carrying a hundred or m ore passengers over transatlantic ranges. N obody could argue that the Concorde, as it emerged, was in any conventional sense economically viable; neither did it meet the environm ental standards (on noise, in particular) that had grown up as it was being developed. But the challenge to achieve the perform ance objective was an immense one.
On the Concorde, the British and French engineers were working at the frontiers not of science, b ut of design -and at the frontiers of hum an ingenuity in squeezing a quart of technology into the pint pot that was the Concorde airframe. On m any of the systems aboard the aircraft, the engineers were solving com pletely new problem s. Costs rise with com plexity, and the Concorde was a long way up the complexity curve.
D om inating everything the designers did was the heavy burden -an intrinsic burden of supersonic flight -of the low payload ratio of the aircraft.
O f the total take-off weight of the Concorde only 6 % was payload. For a Boeing 747, the figure is about 20% . T here was precious little m argin to spare. Any weight growth in the structure or systems would eat into the payload, which was very small to begin with. So the developm ent task was to contain the inevitable Weight growth while achieving the objectives of perform ance, safety and reliability.
T h e sensitivity of the Concorde design to deviations from the perform ance targets was noted by D r Strang and R obert M cK inlay (Concorde design director, British Aerospace) in a review of the program m e in Septem ber 1978. A 1 % increase in take-off drag m eant four fewer passengers; 1 % on all subsonic drag, one p assenger; 2 % on transonic drag, one passenger; and 1 % on supersonic drag, six fewer passengers. In aircraft design generally, they pointed out, the size and weight of the vehicle required to carry a given payload increased with the design range, following a steepening curve which tended to infinity as the ultim ate range was reached. In the Concorde, the situation was even m ore difficult in that the choice of wing and engines dictated by the requirem ent for M ach 2 cruise -while giving excellent handling and relatively simple structure -gave a low lift/d rag ratio in the cruise com pared w ith subsonic aircraft.
Indeed, when the Concorde program m e was launched, the N o rth Atlantic was beyond the ultim ate range for the technology then available. T h e engineers believed that an intensive research program m e would push the ultim ate range barrier far enough for a reasonable payload to be carried.
Probably the m ost difficult single task involved the pow er-plant -not simply to confirm that the engine would deliver the require power, b u t to ensure that the com bination of wing, air intake, engine and nozzle would work sm oothly together under all conditions. 'All co n d itio n s' ranged from the aircraft standing still on the runway to its flying at some 1,350 m ph at a height of 60000 ft, including the extremely tricky period of transonic acceleration in between and a host of abnorm al conditions which had to be thoroughly explored.
T h e power is provided by four Rolls-Royce Olym pus 593 turbojets descended from the Olym pus engine which (briefly) powered the T S R 2 bom ber which first flew in Septem ber 1964 and was cancelled ju st over six m onths later. T h e T S R 2 Olym pus was itself a descendant of the O lym pus which had powered the Vulcan bom ber in the 1950s.
T h e choice of engine for a supersonic airliner inevitably involved a com prom ise between a wide range of flight conditions. H igh th ru st is needed for take-off, transonic acceleration, and supersonic cruise; low fuel consum ption is needed both for supersonic cruise and the substantial subsonic parts of the flight. T hough a turbofan engine m ight appear to offer the best specific fuel consum ption, this is not necessarily the case; it would need to have a m uch larger mass flow to give the required th ru st and so would need to be larger and heavier. (In a turbofan or bypass engine, only a small proportion of the intake air goes through the com bustion cham bers and turbine, and the jet velocities are relatively low.)
T h e engine is one of three elements of the com plete po w er-p lan t: ahead of it is the all-im portant intake, through which air is sucked in, and behind it are the equally im portant propelling nozzles, through which hot gas is pushed out to propel the aeroplane. In a com parison between turbojet and turbofan installations designed to give the same cruising thrust it was shown that the intake, engine and nozzle would weigh 3,000 lb, 6,000 lb and 1,000 lb for a turbojet; and 4,500 lb, 6,000 lb and 1,500 lb for a turbofan (which would also be larger). T h u s the weight penalty on a four-engined aeroplane could be 8,000 lb, which could not possibly be com pensated for by the turbofan's better fuel consum ption. T h e best engine for the job, it was concluded, was a m edium -com pression ratio turbojet.
Intake and nozzles contribute significantly to the overall th ru st of the pow er-plant in cruising flight at M ach 2. Sir Stanley H ooker sketches a pow er-plant cross-section and notes the contributions to th ru st of the various parts in sequence: m inus 12 % from the drag of the intake w edge; 75 % from the diffusing air intake; only 8 % from the engine and 29 % from the final divergent nozzle.
Such are the pressures and forces throughout the pow er-plant, the two m ost im portant com ponents are thus seen to be the air intake and the final nozzle. T ogether they exert virtually the whole of the net th ru st in cruising flight; clearly their efficiency is of param ount im portance in determ ining the perform ance of the pow er-plant. Juggling w ith the tem perature, pressures and air speeds in the intake; the tem peratures, pressures and com pressor speeds in the engine; and the pressures and tem peratures in the nozzle, so that they are all in tune -and controlling the conditions so that they rem ain in tune throughout the widely varying flight conditions -posed an im mense developm ent task.
Progress on this task was reported in 1972 by Jean Devriese of SN E C M A and Pierre Young of the Bristol Engine Division of Rolls-Royce (as Bristol Siddeley Engines had become). T hey described the struggle for payloada 1 % increase in specific fuel consum ption or a 150 kg increase in engine weight would cut the payload of the Concorde by 5 % , a heavy rate of exchange. Key achievements had been the developm ent of high individual com ponent efficiencies, and the m atching of the engine size to airfram e characteristics.
Cruise perform ance had em erged very m uch in line w ith the estimates made eight years earlier, b ut the expected perform ance on take-off and in the transonic region had not been obtained. 'Luckily reheat came to our rescu e', the two engineers com m ented. (Reheat or afterburning is the process of burning fuel directly in the jet pipe in order to produce additional th ru st; much used in m ilitary aircraft, this technique was not initially intended to be employed on the Concorde.) D uring Concorde developm ent, reheat had been progressively increased to provide 9 % , 14% and 18% (in 1972) of additional th ru st for take-off (later raised to 20% ). T h e weight penalty on take-off was low, an extra 150 kg giving a thrust increase of 3,000 kg, i.e. producing a th ru st/w eig h t ratio of 20. U sing reheat for transonic acceleration increased the rate of fuel consum ption by a factor of 2.5; this was accepted in the interests of attaining the more economical cruising speed as rapidly as possible.
T o 'squeeze more air through the en g in e' an extra stage was added to the front of the low -pressure com pressor; and blade cooling was developed so that the engine could operate at the higher tem peratures that were synonymous with higher efficiencies.
A nother significant change, made about half way through the de velopm ent program m e, was to discard the original Olym pus 'can n u lar' com bustion cham ber in favour of an annular, vaporizing cham ber design. T his cleaned up the C oncorde's smoky exhaust and saved weight.
A key choice faced the engine companies in late 1963 when the decision was taken to increase the size of the Concorde by about 15% . T h e existing O lym pus 593 could be 'stretch ed ' to give about 10% more thrust, or the engine could be re-designed. T h ere was a m argin of spare perform ance available, but to use this would mean less scope for further developm ent later. T h e decision was made to re-design the engine to give a 10% increase in basic thrust.
In subsonic aircraft, a jet engine's exhaust gases emerge through a convergent (narrow ing) nozzle. In supersonic aircraft, engine efficiency can be im proved by expanding the gases through a second divergent (widening) nozzle. On the Concorde such a com bined convergent-divergent nozzlem ade up of two units, a prim ary nozzle and a secondary one -is essential. A Concorde w ithout such a nozzle could not carry any payload.
A nother requirem ent is that it should be possible to vary the area of the prim ary nozzle. T his enables engine air tem peratures and speeds through the nozzle to be controlled independently, so extracting the best p er formance from the engine in all conditions from take-off to supersonic cruise. O therw ise an engine designed for take-off (or cruise) perform ance would deliver less th ru st at cruise (or take-off). T h e variable nozzle also gives other significant benefits in the precision w ith which the pow er-plant can be controlled.
G etting the nozzle design right proved to be one of the m ost difficult parts of the entire pow er-plant developm ent. T h ree successive types of divergent nozzle were developed before a satisfactory com prom ise between efficiency, drag, reverse th ru st (for braking) and weight was obtained.
T h e O lym pus turbojet is a two-spool engine, that is, it has two com pressors (low -pressure and high-pressure), each driven by its own turbine. T h e Concorde pow er-plant has three main sets of controls. Firstly, the intake ram ps and d u m p /in let doors are automatically adjusted to m aintain the best air mass flow through the intake. T h e ram ps are raised to give a wide open intake for subsonic operations, then progressively closed to form the throat of the intake and match the shock pattern and the airflow as the aeroplane gains speed supersonically.
Secondly, the pilot's throttle lever controls the am ount of fuel flowing into the engine, and hence the speed (N 2) of the high-pressure com pressor and turbine spool. T hirdly, the speed (N x) of the low pressure spool is automatically controlled, by variation of the prim ary nozzle, to match the engine operating limits at the selected value of N 2 and also the flight conditions. It is this speed N x that dictates the airflow ' swallowing capacity ' of the engine and so matches the engine to the intake geometry.
T here is in addition the reheat system, where the am ount of fuel put in to achieve the boosted th ru st for take-off and for transonic acceleration has to be controlled to match the nozzle opening and other engine conditions, and the nozzle system itself (the com bination of prim ary and secondary nozzles) has several modes of operation. It is slightly convergent for take off, convergent-divergent to give the best expansion efficiency for supersonic cruise, and uses closed buckets for reverse thrust.
For the engine control system, an im portant design factor was the very wide range of tem peratures over which the aeroplane -and its fuel -has to operate. (T he fuel acts as the only heat-sink on the aeroplane.) Because of these difficult tem perature conditions it was decided that the only sensible way to manage the fuel system was to have a relatively simple arrangem ent for hydromechanical pum ping and flow control, and to do all the difficult controlling functions by means of electronics. This would then perm it changes of laws, of schedules, the addition of extra functions and extra operating characteristics to be accomplished fairly easily, w ithout having to tear the whole thing up and start again each time a problem arose.
It also had an enormous benefit in that, as a result of flight testing, changes could be made to the control laws and schedules fairly easily, simply by unsoldering a few resistors and transistors. D uring the early stages of development quite significant control system changes were made on a basis of flying one day, making modifications during the night and flying again the next day.
T he engine control system on Concorde is analogue. In the days when it was designed, digital technology had not reached the stage it is in today. Any new system designed today would certainly be digital, and it would be programmable. An experimental digital system was flown on Concorde in the late days of development, to dem onstrate that there were no particular obstacles or problems. By that time the current in-service analogue system had been developed and had been delivered in production quantities.
T he engine control is very automated in the sense that the pilot has the ability to select the mode in which the engine operates -he has, for example, the take-off mode, a climb mode, a transonic acceleration mode and a cruise mode -and this is done by a selector switch for each engine. He has the usual throttle but, since the tem perature and speed of the engine is fully automatically governed under all conditions, it would be possible for the pilot to put the throttle fully forward, press the starter button and ju st sit back and watch the engine start up, go to ground idle, and accelerate through to take-off power.
In practice, of course, he has to taxi the aircraft from the ramp to the runway at only slightly above idle power. Having completed the initial part of take-off he throttles back manually for noise abatement, but, if there were no need to throttle back for noise abatement or for traffic reasons, he could simply switch to the subsonic climb mode, leaving the throttle fully open, then switch to transonic acceleration, and then switch to cruise.
T he continuous struggle to get the best performance out of the engine produced no magic breakthroughs, Pierre Young pointed out. It was just a massive, continuous, detailed effort. As a result, the Concorde engine as it stands today, regarded as a piece of therm odynamic machinery, is the most efficient engine in the world. He said: 'This is due to detailed attention to aerodynamics, detailed attention to leakages, clearances, making the engine work all the time under optim um conditions'.
A hierarchy of test rigs was used during engine development, in particular to resolve the im portant problems of interaction between the intake and the engine. W ind-tunnel models were used to determine the air pressure and velocity patterns; these patterns were reproduced on a full-scale test rig 'by means of bluff bodies artistically disposed on a grid '; the actual intake was tested with the engine on the rig, giving a simulation of the aircraft stationary on the ground; and the impressive Cell 4 at the National Gas Turbine Establishment at Pyestock enabled flight conditions to be simulated for the intake/engine combination.
A Vulcan aircraft was modified to carry an Olym pus 593 and so serve as a flying test bed for the engine. T his could provide realistic flight testingbut only at subsonic speeds. But it was vitally im portant to determ ine the subsonic perform ance of a pow er-plant designed for M ach 2 cruise. And it was on the Vulcan that the electrical control system for the engine was developed.
At one stage the whole of the outside of the engine was re-designed, an expensive and tim e-consum ing exercise. T h e designers had solved the problem of fitting the engine tightly and snugly into the nacelle, b u t then discovered great difficulties in gaining access for servicing. 'You had to take an engine out in order to take a fuel pum p o ff', Pierre Young noted. 'T h at w asn't acceptable'. T o a student of aero-engine design this m ight appear a rather late stage at which to discover maintenance defects. Pierre Young adm itted there is an element of incompetence in this -b ut calls it forgivable incompetence, such was the pressure to keep up with new dem ands and to keep the program m e on schedule.
In term s of airline maintenance engineering, the airlines themselves were moving forward in engine inspection technology as the Concorde and its engine were being developed. T he aim was to avoid expensive failures by being able to anticipate them through fuller internal inspections between flights; the effect on the O lym pus developm ent was to introduce such features as holes in the engine casing through which the inside of the engine could be inspected; and magnetic plugs in the oil circuits which would pick up specks of metal and warn of bearing failures. Advanced technology applied to routine maintenance -essential, yet a far cry from the type of advanced technology normally associated with supersonic flight.
O f the various mechanical problem s tackled during the developm ent of the Concorde engine, Pierre Young identified one, 'a propensity to break one of its shafts', as potentially the most dangerous. For a high-pow er engine such as the Olympus to break a shaft in service would be the ultim ate disaster; fortunately this problem was discovered, and cured, on the test bed. T he cause was a tem perature difference in the shaft as the engine cooled after having been shut down (the tope was warmer than the b o tto m ); when the engine was re-started and the throttle opened, the out-of-balance shaft could easily break. T h e solution was simply a prelim inary slow rotation to even out the tem peratures in the shaft before re-starting.
As well as that clearly identifiable, single problem , a whole class of mechanical problem s arose from the fact that the Concorde engines would be spending their working lives at very high tem peratures -intake tem peratures of 120° or 130 °C, with the air tem perature rising through the compressors to about 550 °C before fuel was burned to push engine tem peratures even higher. A normal civil aero-engine would operate for most of its life at intake tem peratures of perhaps 30 °C, and would never exceed perhaps 40° or 50 °C.
But everything in the Olympus 593 had to be made to work at the higher tem peratures; this led to many problem s and considerable expense. T itanium and nickel alloy blades were needed in the compressors to give the necessary strength, and cooling the bearings became difficult. Special lubricating oils had to be developed, for working tem peratures of about 200 °C. Because of the high inlet tem peratures at Mach 2 cruise the 'cooling air ' became very hot and so the turbine metal tem peratures were high.
One of the many problems to emerge during development arose from the fact that the four engine intakes were all physically different. One m ight expect four identical power-plants in four nominally identical nacelles, all pointing in the same direction, to enjoy identical operation, but this is not the case. For one thing, they are not pointing in exactly the same direction: because of the effect of the wing sweep the two pairs of engine inlets are ' toed-in ' at a slight angle. Also, because the aerodynamics of the wing are slightly different at the inboard and outboard nacelle positions, all four intakes are in fact slightly different in their geometry.
T he engines all rotate in the same direction, and so the aerodynamic conditions at the entry into each engine are slightly different. T h e fact that the engines had to absorb these aerodynamic differences proved to be one of the significant development problems.
One aspect of this was that, particularly when the aeroplane manoeuvred, it was difficult to obtain pressure conditions in the intakes which were sufficiently uniform to use for control purposes. After much activity, the original method of determining the aerodynamic conditions was changed from local sensing to central processing from an air data computer.
On the separate but linked control system for the intake and the basic engine, D r Calder (former Programme Director) says: ' In a sense -apart from the fact that the supply and demand between the intake and the engine obviously had to be the same num ber, and the fact that the intake has to supply the engine with airflow which does not have too much distortionthe two systems perform a lot of their functions independently. T his was one reason why they were kept separate, the intake control being an airframe m anufacturer's responsibility and the engine control being dealt with by Rolls-Royce. Of course, the two teams worked closely together. In the future, with digital systems, there might be an argum ent for having a common com puter system. ' 'C oncorde', said Pierre Young, 'was really the first project I was mixed up with which had really stringent and totally effective cost control. ' This is far from the image of the programm e as seen by interested observers such as the Committee of Public Accounts, but M r Young insisted that it was certainly true for the engine side of the project. T he extra cost of design changes was carefully calculated well in advance, and presented to the company or official decision takers.
At each stage the decision takers could choose the option of not making the change -which normally would mean accepting a higher risk, a greater margin for error, in the result. They would judge, for example, whether it was worth paying extra to re-design the rear end of the engine in order to save 6,000 lb per aircraft. ' T he figures of cost, delay and overrun followed deliberate actions on the part of top management, taken in order to give certainty to the achievement of the ultimate goal. ' It was this rather than unforeseen problems which caused the extra cost and time, Pierre Young suggested.
' After all, you expect unforeseen problems in any aerospace development programme -that, almost by definition, is development. '
ic civil a e ro -e n g in e in th e w o rld , a n d is e x p e c te d to re m a in in serv ice u n til at le ast th e b e g in n in g o f th e 2 1 st c e n tu ry -so m e 40 y ears a fte r P ie rre Y o u n g e m b a rk e d o n tu r n in g th e o rig in a l s u b so n ic e n g in e in to a h ig h ly efficien t s u p e rs o n ic o n e.
T he next twenty years
W h ile still re s p o n s ib le fo r th e C o n c o rd e e n g in e , P ie rre Y o u n g b eca m e a D ire c to r o f th e B risto l E n g in e D iv is io n in 1967, a n d in 1970 h e w as a p p o in te d T e c h n ic a l D ire c to r. C o n c o rd e w as in th e p h a se o f final d e v e lo p m e n t a n d c e rtific a tio n , a n d to th is ta sk w as a d d e d th e early d e v e lo p m e n t o f th e R B I 99 e n g in e fo r T o r n a d o .
T h e R B I 99 p ro g ra m m e h a d b e e n la u n c h e d in 1969, in v o lv in g c o lla b o ra tio n b e tw e e n R o lls-R o y c e , M T U in G e rm a n y a n d F ia t in Ita ly . T h e e n g in e sp ecificatio n w as ag ain v ery c h a lle n g in g , a n d th e c o m p le x itie s o f in te rn a tio n a l c o lla b o ra tio n ag ain c o m p o u n d e d th e task . In th e p e rio d 1970-73 th e m a jo r d e v e lo p m e n t p ro b le m s su rfa c e d , a n d th e B risto l e n g in e e rin g te a m w as r e s tr u c tu r e d to a d d re s s th e se issu es w ith th e a d v a n ta g e o f th e C o n c o rd e e n g in e e x p e rie n c e in su p e rs o n ic o p e ra tio n .
T h e P e g a su s v e c to r e d -th r u s t e n g in e w as th e th ir d m a jo r p ro g ra m m e , d u rin g th is tim e e n te rin g serv ice in th e A V -8 A v e rsio n o f th e H a r r ie r w ith th e U n ite d S ta te s M a rin e C o rp s . T h e a lm o st u n p re c e d e n te d p u rc h a s e o f a c o m p le te a irc ra ft an d e n g in e b y th e U .S . S erv ices fro m th e U n ite d K in g d o m in tro d u c e d th e d isc ip lin e o f th e A m e ric a n p ro c u re m e n t sy ste m , a n d th e r e p u ta tio n o f th e a irc ra ft d e p e n d e d h eav ily o n th e b e h a v io u r o f th e e n g in e in serv ice. A m a jo r e le m e n t in su sta in in g th e c o n fid e n ce o f th e c u s to m e r w as th e a b ility o f e n g in e e rin g , u n d e r th e d ire c tio n o f P ie rre Y o u n g , to re s p o n d im m e d ia te ly to o p e ra tin g p ro b le m s as th e y arose, a n d to ex p lain th e a ctio n s b e in g ta k e n to th e se n io r officers. In th is re s p e c t P ie rre Y o u n g in h e rite d th e a b ility o f S ir S ta n le y H o o k e r to e x p la in co m p lex e n g in e e rin g m a tte rs to p ilo ts an d officer re sp o n sib le fo r o p e ra tin g th e a irc ra ft, w h o w ere re la tiv e la y m en in th e te ch n ica l sense.
T h e fo u n d a tio n o f co n fid e n ce g e n e ra te d in th e early days o f th e A V -8 A o p e ra tio n s in th e U n ite d S ta te s M a rin e C o rp s su sta in e d th e reso lv e o f th is serv ice to e x p a n d th e ir in v e n to ry o f v ertical a n d s h o rt ta k e -o ff a n d la n d in g strik e a irc ra ft. L a te r th is w as to lead to th e e v o lu tio n o f th e A V -8B, in c o lla b o ra tio n w ith th e M c D o n n e ll D o u g la s C o m p a n y an d B ritish A ero sp ace, a n d n ew v e rsio n s o f th e P eg asu s en g in e. L a rg e n u m b e rs o f th e se a irc ra ft a n d en g in es are b e in g d e liv e re d to th e M a rin e C o rp s, a n d to th e R oyal A ir F o rc e a n d o th e r serv ices. T h e re c o rd o f th e R oyal N av y a n d R oyal A ir F o rc e H a rrie rs is p a rt o f th e h isto ry o f th e F a lk la n d s o p e ra tio n , w h ich co u ld n o t h av e b e e n c o n c lu d e d as it w as w ith o u t th e air s u p p o rt p ro v id e d b y th is u n iq u e a irc ra ft o p e ra tin g fro m sm all c a rrie rs.
In 1973 P ie rre Y o u n g w as a p p o in te d D ire c to r o f E n g in e e rin g at th e D e rb y E n g in e D iv isio n o f R o lls-R o y c e, a n d in th is cap a city w as m a d e re sp o n sib le fo r th e R B 2 1 1-524 c o m m e rc ia l e n g in e fo r v e rsio n s o f th e B oeing 747. T h is d u ty P ie rre u n d e rto o k fro m h is h o m e b ase in B risto l, a n d his c o n sid e ra b le e x p erien ce in reso lv in g d e v e lo p m e n t p ro b le m s m a d e a m a jo r c o n trib u tio n to b re a k in g in to th is m o st im p o rta n t m a rk e t, in th e face o f severe c o m p e titio n fro m th e U .S . e n g in e co m p an ies.
T h e co m m ercial e n g in e b u sin e ss, w ith a b so lu te c o m m itm e n t to c e rtific atio n tim e sch ed u le s a n d a c h ie v e m e n t o f c o n tra c te d p e rfo rm a n c e , w ith th e realizatio n o f h ig h s ta n d a rd s o f re lia b ility an d safety , p la ced g re a t d e m a n d s u p o n h is a b ilities an d o n h is p e rso n a l life. O n som e o ccasio n s his s trin g e n t e n g in e e rin g d ia g n o sis w as re q u ire d to b e a d a p te d to th e p re v a ilin g c o m m ercial c irc u m sta n c e s, an in flu en ce to w h ic h P ie rre Y o u n g w as n o t in stin c tiv e ly resp o n siv e. In c o m p e n sa tio n he rece iv ed m assiv e a n d loyal s u p p o rt fro m th e larg e e n g in e e rin g d e p a r tm e n t at D e rb y , d e sp ite h av in g p u rs u e d h is c a re e r in 'a n o th e r p la c e '. In 1976 a m a jo r co m p a n y re o rg a n iz a tio n re s u lte d in h is a p p o in tm e n t as D ire c to r o f A d v an ced E n g in e e rin g , re sp o n sib le fo r th e re se a rc h a n d d e m o n s tra tio n o f new co n c e p ts fo r civil an d m ilita ry en g in es. In th is ro le h e w as th a n k fu l to b e able to re tu rn to h is b ase at B risto l an d re su m e a m o re co n g en ial h o m e life.
A t th is p o in t w e sh o u ld m ak e re fe re n c e to th e re la tio n s h ip th a t ev o lv ed b e tw e e n P ie rre Y o u n g a n d e n g in e e rs w o rk in g in th e g a s -tu rb in e field in In d ia . F o r som e tim e R o lls-R o y c e h a d re n d e re d assistan ce to th e In d ia n R esearc h o rg a n iz a tio n an d m a n y d isc u ssio n s w ere h e ld on p o ssib le c o lla b o ra tiv e p ro je c ts. P ie rre w as c e n tra l to th e se c o n ta c ts a n d d e v e lo p e d an affection fo r, an d in te re s t in, In d ia th a t a u g m e n te d th e sin c e rity w ith w h ic h h e c o n d u c te d th e d iscu ssio n s. H e w ill b e lo n g re m e m b e re d a n d re sp e c te d b y his m a n y frie n d s in th a t c o u n try .
T h r o u g h su ccessiv e ch an g es in th e s tr u c tu re o f e n g in e e rin g P ie rre h e ld a p p o in tm e n ts as D e p u ty E n g in e e rin g D ire c to r a n d finally C o rp o ra te E n g in e e rin g E x ec u tiv e u n til h is re tire m e n t. In th e se cap acities h e w as able to tu r n his a tte n tio n to th e m a th e m a tic a lly b a se d d isc ip lin e o f c o m p u tin g a n d e n g in e d ig ital ele c tro n ic c o n tro l sy stem s.
Controls
T h e P ro te u s en g in e w as m a n a g e d b y a p io n e e rin g ex am p le o f e le c tro n ic c o n tro l th a t, by m e an s o f a u to m a tic lim ite rs, eased th e crew w o rk lo ad a n d p ro v id e d v alu ab le safety featu res. I t also im p ro v e d u sab le p e rfo rm a n c e b y allow ing o p e ra tio n clo ser to su rg e lines a n d lim itin g te m p e ra tu re s th a n w o u ld o th e rw ise be p ru d e n t.
T h e e lectro n ic en g in e c o n tro l in C o n c o rd e is o n e o f a w h o le h ie ra rc h y o f sy stem s on w h ich th e p ro p e r a n d efficient fu n c tio n in g o f th e en g in e is d e p e n d e n t. In p a rtic u la r, th e v aria b le air in tak e, e n g in e, an d v aria b le I t is s ta rtlin g to reflect th a t th e first te n ta tiv e use o f a irb o rn e d ig ital ele c tro n ic s cam e d u rin g th e d e v e lo p m e n t p e rio d o f C o n c o rd e . N e a rly all th e above sy stem s u se an alo g u e tech n o lo g y . T h e o n ly e x ce p tio n w as in th e air in tak e c o n tro l sy stem , w h ic h c o n ta in s som e d ig ital fu n c tio n s in tro d u c e d q u ite late in th e sy stem d e v e lo p m e n t. T o d a y , o f co u rse, all th is w o u ld be d ig ital, a lth o u g h th e p ro v in g o f sa fe ty -c ritic a l sy stem s still gives som e cause fo r co n c e rn , at least in s itu a tio n s o f th is co m p lex ity .
P ie rre w as m a d e re sp o n sib le fo r p e rfo rm a n c e an d c o n tro ls in th e n ew ly c re a te d C o rp o ra te E n g in e e rin g G ro u p . H e w as q u ic k to realize th a t c o n tro ls as w ell as th e a e ro d y n a m ics an d th e rm o d y n a m ic s h a d a large in flu en ce on th e o v erall e n g in e p e rfo rm a n c e c ap a b ility . R eco g n izin g also th a t th e to tal sy stem n e e d e d to b e a d d re sse d , h is first ex ercise w as to reo rg an ize th e c o n tro l sy stem an d accesso ry areas at D e rb y an d B risto l to b rin g all th e te ch n o lo g y to g e th e r in a c o o rd in a te d g ro u p in g . W ith his u su al en erg y he set a b o u t re -e x a m in in g th e s h o r t-te r m a n d lo n g -te rm re q u ire m e n ts for civil, m ilita ry an d h e lic o p te r en g in e co n tro ls an d settin g u p th e p ro g ra m m e s to m e e t R o lls-R o y c e 's fu tu re n eed s.
C o n tro l sy stem so ftw are w as a field th a t he fo u n d to be in a less th a n satisfac to ry state. T h e co n seq u en c e w as p ro g ra m s o f su ch co m p lex ity an d o b sc u rity th a t e n g in eers c o u ld n o t v isu alize th e in te ra c tio n s b etw ee n v ario u s fu n c tio n s, an d th e y fo u n d th e m selv es at th e m e rc y o f th e sy stem s p eo p le. T h is issue w as b ro u g h t to a sh a rp focus w h en th e d iscip lin e o f clearin g a sy stem fo r flight w as a p p lied , an d it w as fo u n d th a t s h o rt o f th o u s a n d s o f h o u rs o f te stin g th e in te g rity o f th e sy stem co u ld n o t be verified. F u rth e rm o re , m o d ificatio n s as th e y in e v itab ly arose co u ld re su lt in u n d e m a n d e d b e h a v io u r o f th e sy stem , again re q u irin g im p o ssib ly ex ten siv e te stin g to estab lish fu n c tio n a l b e h a v io u r an d safety.
T R o lls-R o y ce te ch n ica l c o m p u tin g activ ities w ere c e n tre d o n th e tw o m a in sites at B risto l an d D e rb y . Y o u n g faced tw o fairly d isp a ra te c u ltu re s in te rm s o f b o th th e e n g in e e rin g a n d c o m p u tin g m e th o d o lo g ies, w h ere c o llab o ratio n , w h ere it ex isted , w as m a in ly in th e fo rm o f n o n ag g ressio n pacts. T h e in tim a te re la tio n sh ip b e tw e e n th e c o m p u tin g an d th e en g in e e rin g m e th o d o lo g y it serv ed lim ite d th e scope fo r c o o rd in a tin g one w ith o u t th e o th e r. H e th e re fo re set a b o u t fo rm in g sin g le te am s w ith jo in t site m e m b e rs h ip fo r th e p u rp o s e o f d efin in g o n e m e th o d o lo g y a n d h en ce one sy stem re q u ire m e n t in each o f th e m a jo r areas o f te ch n o lo g y .
A t th a t tim e each o f th e se tech n o lo g y areas h e a d e d u p to a se p a ra te site a u th o rity , a n d reco n c ilin g w e ll-e n tre n c h e d an d o ften d isp a ra te m eth o d o lo g ies w as a p ro cess c h a rg e d w ith e m o tio n . P ie rre , p a rtly th ro u g h force o f p e rso n a lity b u t larg ely th ro u g h h is te ch n ica l p ro w ess, b ro k e th e back o f th is p ro b le m . F ace to face w ith c o n te n d in g e x p e rts he s trip p e d th e e m o tio n fro m th e s u b sta n tiv e issu es b y a p e rs is te n t ap p lic a tio n of logic th a t m o re o fte n th a n n o t left n o ro o m fo r fu rth e r a rg u m e n t an d u su ally no b ru ise s.
C o n c u rre n tly he ta p p e d v ario u s so u rces o f in fo rm a tio n o n c o m p u tin g tech n o lo g y , g e ttin g ra p id ly u p to sp eed w ith th e p rin c ip le s. W o rk in g fro m th ese, w ith a logic u n c lu tte re d b y th e p re c o n c e p tio n s o f th e tra d e , he w as able to ch allen g e so m e o f th e th in k in g th a t h a d o b s tru c te d th e u n ificatio n o f th e c o m p u tin g services a n d facilities, th e re b y p av in g th e w ay fo r a ra tio n a liz a tio n p ro g ra m m e th a t c u lm in a te d in th e sin g le so u rc in g o f serv ices fro m o n e in sta lla tio n .
B efo re h is re tire m e n t th is p ro g ra m m e h a d co m e close to th e p o in t w h e re o n e logical facility ex iste d , th o u g h o p e ra te d fro m tw o sites. T h is w as h ig h o n h is p rio ritie s b eca u se it w as re g a rd e d as th e c a taly st to b rin g a b o u t o th e r ra tio n a liz a tio n ; a p o s tu la te th a t h as sin ce b e e n s u b s ta n tia te d . T h e m a jo r ch an g e s m a d e b e tw e e n 1981 a n d h is re tire m e n t in 1985 w ere n o t m e re ly b lo o d less b u t c o n d u c te d in a m a n n e r th a t m o tiv a te d staff in th e c o m p u tin g a n d te c h n o lo g y areas to w a rd s c h a n g e a n d h a d th e m w o rk in g to g e th e r to effect it.
In 1974 P ie rre Y o u n g w as e lecte d a F ello w o f th e R o y al S o ciety , fo llo w ed b y ele c tio n to th e n ew F e llo w sh ip o f E n g in e e rin g . H e w as also a F ello w b o th o f th e R o y al A e ro n a u tic a l S o cie ty a n d o f th e I n s titu tio n o f M e c h a n ic a l E n g in e e rs. In 1984 h e w as a w a rd e d th e G o ld M e d a l o f th e R oyal A e ro n a u tic a l S o ciety . O n th e o ccasio n o f th e c o n fe rm e n t o f th e d e g re e o f D o c to r o f S cien ce in E n g in e e rin g at B risto l U n iv e rs ity in 1985, th e c o n c lu sio n o f th e o ra tio n g iv en b y P ro fe s so r L . F . C ra b tre e w as as fo llo w s :
M adam e Chancellor, j 'ai l'honneur de vous presenter Pierre H enry John Young, ingenieur non seulem ent britannique ou fran£ais mais europeen, comme em inem m ent digne de la distinction honorifique d 'un doctorat de cette universite c'est-a-dire D octor of Science in Engineering, honoris causa.
I t is c u s to m a ry to c o n c lu d e w ith a b ib lio g ra p h y . W h ile P ie rre Y o u n g w ro te n u m e ro u s p a p e rs c o n ta in in g m u c h o rig in a l th o u g h t, few are p u b lis h e d a n d a listin g o f th o se th a t w ere w o u ld n o t d o ju s tic e to his c o n trib u tio n to th e scien ce o f g a s -tu rb in e en g in es. T h e o u tp u t o f an e n g in e e r is in th e fo rm o f d ra w in g s fro m w h ich p a rts can b e m a d e ; th is o u tp u t is m a n ife st in th e d aily ro u tin e o p e ra tio n o f C o n c o rd e an d th e m a n y o th e r p ro je c ts to w h ic h he m a d e a m a jo r c o n trib u tio n .
T h e p h o to g ra p h re p ro d u c e d w as ta k e n b y R o lls-R o y c e p .l.c . in 1976.
